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The broad range of antibiotics currently available can, in theory, treat
every pathogen. However, causative pathogens cannot be obtained for
many infections, and testing to pinpoint the pathogen causing each
individual infection, puts patients at risk of progressive infection while
waiting for therapy. As a result, most antibiotic therapy must be empiric.
Antibiotic resistance is now eroding the efficacy once associated with
empiric therapy. How can we optimize our antibiotic resources to
ensure successful therapy while avoiding treatment failures due to
resistance?

EXPLORING RISK FACTORS FOR RESISTANCE
Respiratory tract infections (RTIs) provide an ideal working example
for examining the issue of response to antibiotic resistance. RTIs
account for the majority of physician visits and a significant proportion
of antibiotic prescriptions.1,2 Guidelines including Ontario’s Anti-
infective Guidelines for Community-acquired Infections (2005) pro-
vide first-, second- and third-line recommendations of individual
agents from a range of antibiotic classes (penicillins, cephalosporins,
fluoroquinolones, macrolides) to assist physicians in utilizing each
class and drug to its best advantage.3

CLINICAL RESEARCH
Streptococcus pneumoniae is the most common bacterial cause of com-
munity-acquired RTIs including bronchitis, sinusitis, and pneumonia.
Resistance to all classes of antibiotics among isolates of S. pneumoni-
ae continues to increase worldwide. Because most antibiotics are ini-
tially prescribed empirically, being able to predict which patient might
be at increased risk for infection with a resistant strain of S. pneumo-
niae would have significant clinical value.
To determine whether patient and disease characteristics could be

used to predict antimicrobial resistance in isolates of S. pneumoniae,
the Toronto Invasive Bacterial Diseases Network (TIBDN) conducted
in metropolitan Toronto and the regional municipality of Peel, between
1995 and 2002, a prospective cohort study of 3,339 patients with inva-
sive pneumococcal infection.4 Patient history of antimicrobial therapy
in the previous three months was identified.
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This study observed that any recent history of
antibiotic use increased the likelihood of antibiotic
resistance, particularly to antibiotics within a class.
In particular, patients who had received macrolides,
trimethoprim-sulfamethoxazole (TMP-SMX), or
fluoroquinolones in the three months prior to their
infection were at least four times as likely to be
infected with an isolate that was resistant to the
same class. For macrolides, a drug-specific resist-
ance was observed. Patients exposed to
azithromycin were much more likely to have a
macrolide-resistant isolate causing their infection
than patients exposed to erythromycin or clar-
ithromycin.
This effect has also been seen in other popula-

tion-based studies both in Canada and abroad.5,6

Regions with high prescription rates for
azithromycin have significantly higher rates of
macrolide resistance in S. pneumoniae than
regions with lower rates of azithromycin use.4,7

A second surveillance study was conducted by
the TIBDN between 2000 and 2004 in the
Toronto and Peel region to determine whether
macrolide resistance is a cause of failure of
macrolide therapy for serious pneumococcal dis-
ease.8 The study first identified macrolide failures
resulting in pneumococcal bacteremia and then
evaluated the relative proportion of macrolide-
resistant isolates. Treatment failure was declared if S.
pneumoniae was isolated from a blood culture after
the initiation of macrolide therapy or within two
days of completing therapy. Clinical data including
history of antimicrobial therapy in the three months
prior to current illness were considered.
Over five years, 60 out of 1,696 identified cases of

pneumococcal bacteremia, or 3.5%, represented fail-
ures of macrolide therapy. Eighty percent of patients
who were failing macrolide therapy had an isolate
resistant to macrolides, and 35% of patients who
have taken a macrolide for a reason other than the
current infection in the past three months had a
macrolide resistant isolate. In contrast, only 15% of
patients who had not been exposed to any macrolide
antibiotics had a resistant isolate.

OPTIMIZE TREATMENT THROUGH
PATIENT HISTORY AND ANTIBIOTIC CYCLING
When an antibiotic is clearly indicated, strategies
to optimize antibiotic use include targeting the
treatment to the pathogen, and factoring antibiot-

ic use in the previous three months into the pre-
scribing decision. Guideline recommendations
serve as the starting point, with individual patient his-
tory providing the next “layer” of decision making.
The best means of avoiding an antibiotic to

which the patient’s infection will be resistant, the
Ontario Anti-infective Guidelines for Community-
acquired Infections recommends:
• reviewing antibiotics prescribed for any type of
infection in the previous three months, and
selecting an agent from an alternate class if
significant exposure has occurred;3,9

• avoiding a macrolide antibiotic in a patient who
has taken a macrolide for any reason in the last
three months and

• avoiding a fluoroquinolone antibiotic in a
patient who has taken any fluoroquinolone in
the past three months, or in patients who are
residents of a nursing home.
Antibiotic cycling or rotation is a strategy

designed to optimize patient outcomes while pre-
serving the efficacy of antimicrobials. The key tac-
tic in antibiotic cycling is considering patient history
when selecting treatment for a current infection,
and utilizing different drug classes over time to
maintain efficacy and control resistance. Studies
continue to pursue key questions about cycling,
including:
1) which antibiotics to cycle for a given condition,
2) the cycle order, and
3) the length of each cycle.10,11

In the meantime, however, there are enough data
to assist with decision making for out-patient treat-
ment of respiratory tract infections.
Antibiotic resistance represents a challenge to

physicians because previously dependable treat-
ments may not deliver the expected results. The
strength of our antibiotic resources can be suc-
cessfully maintained through:
1) continued focus on using antibiotics only

when necessary,
2) use of antibiotics with the narrowest possible

spectrum when prescribing,
3) taking an antibiotic history before prescribing
and

4) awareness of regional resistance rates.

ANTIBIOTIC RESISTANCE IN CHILDREN
Antibiotic resistance is of particular concern in chil-
dren, as it can limit current and future options for
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effective antimicrobial therapy. General guidelines in
the Canadian healthcare setting to help maintain
antibiotic efficacy include:
• Treating only for bacterial infection, and
educating parents who may be looking for
immediate relief in the form of an antibiotic;

• follow first-line therapy recommendations for
treatment of naïve patients, and preserve “top
guns”—second- or third-line therapies—for repeat
or resistant infections as recommended in the
guidelines and

• educate parents on the importance of
compliance with the dose and dosing schedule,
and to follow the full schedule of therapy even if
the child appears to be improved.
Because some antibiotics are not indicated for

use in children, and antibiotic resistance presents
a challenge to the effective drugs that are avail-
able for pediatric use, it is essential to take steps
to ensure that available treatment options are
protected. It is important to observe guideline-
recommended prescribing strategies for choice of
antibiotic class and agent while following general
recommendations for the use of antibiotics.

IMPORTANCE OF
PATIENT HISTORY IN CHILDREN

S. pneumoniae is the most common pathogen caus-
ing acute otitis media (AOM). It is also the most
common cause of “typical” community-acquired
pneumonia (CAP). Infections caused by S. pneumo-
niae, mostly pneumonia, are responsible for more
than 700,000 deaths worldwide each year among
children under the age of 5 years.12

The TIBDN study showed that antimicrobial use
in the three months prior to infection was a lead-
ing risk factor for patients presenting with an ill-
ness where S. pneumoniae was a possible cause.
These results, echoed in the Anti-infective
Guidelines, determined that recent patient history
is crucial in selection of an appropriate therapy. In
addition to recent antibiotic use, the other main
risk factor in children for aquisition and disease
with antibiotic resistant S. pneumoniae is daycare-
centre attendance.13,14

The TIBDN study observed not only class speci-
ficity but also drug specificity for macrolide-resist-
ant S. pneumoniae. In regions of high prescribing
of azithromycin, a correspondingly high incidence
of macrolide resistance was observed; erythromy-

cin resistance in S. pneumoniae was almost twice
as high with use of azithromycin versus clar-
ithromycin in the previous three months.4

Increasing resistance of S. pneumoniae to
macrolides is a serious concern because this class
is among the most common drugs used to treat
community-acquired RTIs.15

Despite pneumococcal resistance rates in excess
of 25%, macrolides continue to be used first-line
for CAP. In children 5 years of age and over, a
macrolide is the recommended first-line treatment
for CAP because Mycoplasma pneumoniae is the
most prevalent pathogen in this age group, unlike
younger children where S. pneumoniae is the most
prevalent bacterial pathogen.16 However, the
TIBDN’s second surveillance study (between 2000
and 2004 in Toronto and area) showed that patients
for whom macrolide therapy failed were more like-
ly to be under the age of 15 years, otherwise healthy
and to have been treated with a macrolide in the
previous three months.8 This highlights the concern
that for school-aged children and adolescents with
CAP, S. pneumoniae must still be considered, per-
haps moreso in children with more significant clin-
ical features, and/or with radiographic consolida-
tion on the chest x-ray (CXR). In such children, as
with adults, macrolides should not be used alone if
the child has received them within the previous 3
months.17,18

CHOOSING ANTIBIOTICS FOR CHIDLREN
The main strategy to reduce antibiotic resistance in
children has been to encourage reduced and more
appropriate use of antibiotics. In children in
Canada, oral antibiotic prescribing has declined
sharply in recent years.19,20 As a result, antibiotic
resistance rates for bacterial infections in children
are generally quite low in Canada compared to
other countries.
However, when antibiotic resistance is suspected

(e.g., in a child with a history of recent antibiotic
use or who attends a daycare facility), appropriate
selection of second- or third-line agents must be
considered to effectively treat such infections.
Maintaining the effectiveness of antibiotics for

pediatric RTIs can be supported by observing guide-
line recommendations for RTIs of bacterial origin and
especially by careful prescribing that takes into
account recent patient history and knowledge of
regional resistance patterns.



COMBAT RESISTANCE BY REDUCING THE RISK OF RTIS
The first approach to combat antibiotic resistance is to ensure that clinical practice reduces the
risk of RTIs to the lowest possible level. Your recommendations about two important interven-
tions—vaccination and hand hygiene—can help patients protect themselves and their children.
During the winter season, influenza vaccine has been shown to reduce the risk of RTI in adults
by 35% to 45%.21 Similar reductions in otitis media in children have been documented.22 In
older adults, and those with underlying chronic illnesses, pneumococcal vaccine has been shown
to reduce the risk of pneumococcal bacteremia by 50% to 60%.23

Good hand hygiene—hand washing five times per day in the community—has been shown to
be associated with a 30% to 40% reduction in all respiratory and gastrointestinal illnesses dur-
ing winter seasons.24,25

Ensuring that our patients are well-educated is key: arming patients with the facts about vac-
cination and hand hygiene is a critical element in the fight against resistance.
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