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Background: Decreases in antibiotic use were widely reported in
the 1990s. This study was undertaken to determine trends in
the use of antibiotics from fiscal year (FY) 1995 (April 1995 to
March 1996) to FY 2001 in a complete population of Manitoba children.
Methods: Using Manitoba’s health care databases, we determined
annual population-based rates of antibiotic prescription among
children by antibiotic class (narrow-spectrum and broaderspectrum antibiotics), age group, physician diagnosis (e.g., otitis
media or bronchitis) and neighbourhood income in urban areas (derived from the 1996 census). Antibiotic prescription
rates were generated within a generalized linear model framework with general estimating equations, and differences between FY 2001 and FY 1995 were tested. Differences in antibiotic use over time were compared across antibiotic classes, age
groups, diagnoses and income neighbourhoods.
Results: The overall antibiotic prescription rate decreased by almost
one-third, from 1.2 prescriptions per child in FY 1995 to 0.9
prescriptions in FY 2001. Total antibiotic use declined for all
respiratory tract infections; decreases were greatest for the sulfonamides (decrease to less than one-third the FY 1995 rate) and
narrow-spectrum macrolides (decrease to less than half the FY
1995 rate). In contrast, the FY 2001 rate for broader-spectrum
macrolides was as much as 12.5 times the FY 1995 rate. Otitis
media accounted for one-quarter of the use of the latter agents.
Preschool children and low-income children received the greatest number of antibiotic prescriptions. Declines in antibiotic prescriptions were of a lesser magnitude for low-income children
(for whom rates in FY 2001 were four-fifths the rates in FY 1995)
than for higher-income children (for whom rates in FY 2001
were about two-thirds the rates in FY 1995).
Interpretation: Overall, antibiotic use declined over the late
1990s in this population of Canadian children, but the increasing use of broader-spectrum macrolides and higher rates of antibiotic use among preschool and low-income children may
have implications for antibiotic resistance.
CMAJ 2004;171(2):133-8

C

hildren were subject to increasing exposure to antibiotics throughout the 1980s.1,2 Concerns over increasing antibiotic resistance and inappropriate
prescribing led to community-wide campaigns in the
1990s, which were successful in decreasing antibiotic use.3

On a population basis, antibiotic use among children in the
United States fell during the 1990s,4–6 but parallel decreases
in antibiotic resistance were not observed. In fact, the already low susceptibility of Streptococcus pneumoniae to
macrolide antibiotics has worsened, and child care centres
have been identified as reservoirs of antibiotic resistance.7–9
Decreases in antibiotic consumption have been observed
in some populations in Canada,10 but there are no published
data on trends in antibiotic use among Canadian children.
The prevalence of penicillin-resistant S. pneumoniae is on
the rise among Canadian children,11,12 but we do not know
which child populations are at risk for high antibiotic use.13,14
To fill these gaps in knowledge, our group evaluated antibiotic prescription patterns over the last half of the 1990s in a
population of Canadian children. Trends in use across different types of antibiotics and different diagnoses, as well as
in specific child populations, are described.

Methods
The study protocol was approved by the Human Research
Ethics Board, University of Manitoba, and Manitoba’s Health Information and Patient Confidentiality Committee. Data were obtained from 4 electronic databases maintained by the Manitoba
Health Services Insurance Plan (MHSIP), which provides health
insurance for all Manitobans: registration files, physician reimbursement claims, hospital discharge abstracts and records of prescriptions dispensed. The MHSIP registry contains a record for
every Manitoban, and each record includes birth date, sex and
geographic location. Records of physician reimbursement for
medical care are submitted under a fee-for-service arrangement
and contain information on patient diagnosis according to the
clinical modification of the International Classification of Diseases, 9th revision (ICD-9-CM). Discharge abstracts for hospital
services include information on up to 16 ICD-9-CM diagnostic
codes. All dispensed prescriptions are submitted by retail pharmacies and contain information on date of dispensing, drug name
and identification number, dosage form and quantity dispensed.
The reliability and validity of the MHSIP’s prescription and
health care databases are high.15,16 Record linkages among databases were achieved through anonymized personal identifiers.
Population-based rates of antibiotic prescription, per 1000 children registered with Manitoba Health in each fiscal year (FY)
(about 325 000 children) during the period 1995 to 2001, were reCMAJ • JULY 20, 2004; 171 (2)
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ported for all antibiotics and classes of antibiotics. Prescriptions for
oral antibiotics, excluding tuberculosis drugs, were identified on
the basis of the Anatomic Therapeutic Chemical classification system and generic drug names. Antibiotic classes analyzed were narrow-spectrum (NS) and broader-spectrum (BS) penicillins, NS and
BS cephalosporins, NS and BS macrolides, sulfonamides and other
antibiotics. Penicillin, cloxacillin, cephalexin, cefadroxil and erythromycin were defined as NS antibiotics. The BS macrolides
were represented by azithromycin and clarithromycin.
Annual population-based rates of antibiotic prescription were
related to age as of December in a given year (less than 1 year, 1–4
years, 5–9 years, 10–14 years and 15–19 years), physician’s diagnosis and income-quintile neighbourhood. The diagnosis recorded
for the physician visit that occurred within the 7-day period before
an antibiotic was prescribed was assigned to the prescription.
Physicians’ diagnoses were grouped by the following ICD-9-CM
codes: otitis media, 381–383; pharyngitis or sinusitis, 034, 461,
462, 473; asthma or bronchitis, 466, 490, 491, 493; upper respiratory tract infections, 460–479 (excluding pharyngitis and sinusitis);
lower respiratory tract infections, 480–519 (excluding asthma and
bronchitis); genitourinary infections, 580–629; and skin infections,
680–709. The income-quintile measure was derived from 1996
Canadian census data by aggregating household income to the
enumeration area and ranking neighbourhoods from the 20% of
the population residing in the lowest-income neighbourhoods to
the 20% residing in the highest-income neighbourhoods.17,18
Physician visit rates per 1000 children in each fiscal year were
also determined for otitis media, pharyngitis or sinusitis, asthma
or bronchitis, and upper and lower respiratory tract infections.
For each diagnosis, visit-based rates of antibiotic prescription (per
1000 physician visits in each fiscal year), defined as the number of
antibiotic prescriptions within a 7-day period after a physician
visit, were reported for all antibiotics and for the BS macrolides.
Population-based and visit-based rates of antibiotic prescription were modelled as a function of year and the other explanatory
variables within a generalized linear model framework. Generalized estimating equations (GEE) were used to account for the
longitudinal data and the correlation related to having the same
children receiving antibiotics at multiple time points. This
method of estimation produces confidence intervals (CIs) that are
typically wider than those obtained from general linear models,
which do not account for the dependence structure of data.19 For
the GEE analysis (normal distribution, exchangeable correlation
matrix), data were organized by 50 age group and rural–urban in-

come-quintile strata per year, consisting of, on average, 7200 children per stratum. A linear contrast was used to test for absolute
differences in rates between FY 1995 (Apr. 1, 1995, to Mar. 31,
1996) and FY 2001. All significance tests were conducted at the
95% level of confidence.

Results
A total of 164 951 (50%) of 332 059 children received at
least 1 antibiotic prescription in FY 1995; this rate declined
to 42% (134 717 of 322 684 children) in FY 2001. The
annual population-based prescription rate for all antibiotics
declined by almost one-third, from 1201 prescriptions per
1000 in FY 1995 to 864 prescriptions per 1000 in FY 2001
(Table 1). Statistically significant decreases in populationbased prescription rates were observed for most antibiotic
classes. Use of sulfonamides and NS macrolides decreased
the most, and use of NS cephalosporins and BS macrolides
increased (Table 1). For BS macrolides, the prescription
rate in FY 2001 was more than 8 times the rate in FY 1995
(98 v. 12 prescriptions per 1000 children).
The total antibiotic prescription rate decreased among
children of all ages, but the greatest decline was observed
among infants (Table 2). Among infants, the populationbased rate for NS macrolides decreased to 25 (95% CI
19–32) prescriptions per 1000 in FY 2001 (0.3 of the 1995
rate). Among preschool children, the population-based rate
for sulfonamides decreased to 126 (95% CI 114–138) prescriptions per 1000 in FY 2001 (0.2 of the 1995 rate).
Preschool children had the highest rates of antibiotic use in
both FY 1995 and FY 2001. For this group of children, the
prescription rate for BS macrolides increased to 12.5 times
the FY 1995 rate over the 7-year evaluation period (Table 2).
In FY 1995, population-based rates of total antibiotic
use decreased successively with increasing income level
among urban children, from 1327 prescriptions per 1000 in
the lowest-income neighbourhood to 1157 prescriptions
per 1000 in the highest-income neighbourhood. This income gradient persisted 6 years later (Table 3). Children
living in the lowest-income neighbourhoods experienced

Table 1: Antibiotic prescriptions per 1000 children, by year and antibiotic class (all ages combined)
Year; no. of prescriptions per 1000 children (and 95% CI)
Antibiotic class
NS penicillins
BS penicillins
NS cephalosporins
BS cephalosporins
NS macrolides
BS macrolides
Sulfonamides
Other antibiotics†
Total

FY 1995
109
597
25
73
119
12
222

(104–114)
(575–618)
(21–28)
(65–81)
(114–125)
(11–13)
(215–229)

FY 1996
91 (87–96)
549 (525–573)
25 (22–28)
74 (66–82)
93 (87–98)
18 (17–19)
177 (171–183)

FY 1997

FY 1998

FY 2000

FY 2001

Ratio,
2001/1995*

81 (77–85)
77 (72–81)
68 (64–72)
73 (69–77)
67 (63–72)
482 (462–502) 500 (479–520) 481 (458–505) 507 (480–533) 446 (422–471)
25 (23–28)
28 (26–31)
33 (30–36)
38 (35–41)
36 (33–40)
67 (60–74)
65 (59–71)
61 (57–66)
62 (57–66)
57 (53–60)
77 (72–82)
79 (74–84)
62 (59–66)
56 (53–60)
46 (43–50)
25 (23–26)
39 (38–41)
57 (56–59)
82 (79–86)
98 (93–102)
143 (137–148) 131 (126–136) 101 (96–106) 85 (81–90)
67 (63–70)

0.6
0.7
1.4
0.8
0.4
8.2
0.3

44 (40–48)
44 (40–48)
45 (40–49)
45 (40–51)
45 (41–50)
46 (41–51)
47 (42–52)
1201(1172–1229) 1070 (1039–1101) 944 (917–971) 964 (937–991) 909 (879–939) 949 (916–982) 864 (832–895)

1.1
0.7

Note: CI = confidence interval, FY = fiscal year (ending Mar. 31), NS = narrow-spectrum, BS = broader-spectrum.
*Linear contrast for rate difference, p < 0.001, except for other antibiotics (p < 0.015).
†Fluoroquinolones, tetraclyclines, clindamycin, vancomycin and metronidazole.
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the smallest decline in antibiotic prescription rates over the
7-year period (Table 3). For BS macrolides, neither the annual prescription rate nor the increase in prescription rate
over time differed by neighbourhood income.
The population-based prescription rates for all antibiotics
prescribed for otitis media, asthma or bronchitis, pharyngitis
or sinusitis, and upper respiratory tract infections declined to
0.6 or 0.7 of the rates in FY 1995 (Table 4). The degree of
decline was of a lesser magnitude for pneumonia. Changes in
antibiotic prescription rates for genitourinary and skin infections were not statistically significant. Otitis media remained
the most common indication for antibiotic use throughout
the study period but contributed the greatest proportion
(39%) to the overall decrease in antibiotic use. In FY 2001
population-based rates of BS macrolide prescription for otitis
media and upper respiratory tract infections were 10 times
the FY 1995 rates. By FY 2001, otitis media accounted for
one-quarter of BS macrolide use.
Physician visit rates declined for each of the respiratory
infections (Table 5), but the declines were greatest for otitis
media (to 0.6 of the 1995 rate) and pharyngitis or sinusitis
(to 0.7 of the 1995 rate). From FY 1995 to FY 2001, statistically significant decreases in visit-based rates for antibiotics were observed for all diagnoses, but the decreases for
otitis media, pharyngitis or sinusitis, and lower respiratory
tract infections were small. In FY 2001, approximately 60%
of physician visits for otitis media and pharyngitis or sinusitis resulted in an antibiotic prescription; for asthma or

bronchitis and upper respiratory tract infections, this proportion was 35% (Table 5). Visit-based antibiotic prescription rates for BS macrolides increased for all diagnoses, but
to the greatest extent for otitis media. Children seeing
physicians for lower respiratory tract infections were the
most likely to receive a BS macrolide prescription.

Interpretation
We have documented, for a complete population of Manitoba children, that the rate of antibiotic prescription declined
by almost one-third, to 0.9 prescriptions per child, from FY
1995 to FY 2001. Eight percent fewer children received antibiotic prescriptions in FY 2001. Infants and preschool children experienced the greatest reduction in antibiotic use, and
use of sulfonamides and NS macrolides declined the most
among all age groups. These findings parallel decreases in antibiotic use in the general Manitoba population, and the proportionate decline was of a similar magnitude and nature to
that observed among US children.4,5,10 No intervention campaigns were in place during the evaluation period,3,20 so decreasing antibiotic use was likely the outcome of increased
physician attention to judicious prescribing of antibiotics.
Similar to trends among US children,4,5 population-based
antibiotic prescription rates in Manitoba fell to the greatest
extent for otitis media, pharyngitis or sinusitis, bronchitis or
asthma, and upper respiratory tract infections. In parallel,
physician visits for these conditions decreased, as did the

Table 2: Antibiotic prescriptions per 1000 children, by age group
Year; no. of prescriptions for all antibiotics
per 1000 children (and 95% CI)
Age, yr
<1
1–4
5–9
10–14
>14

FY 1995
1330
1926
1196
743
810

(1241–1420)
(1842–2009)
(1138–1255)
(707–778)
(775–845)

FY 2001
803
1357
851
594
715

Year; no. of prescriptions for BS macrolides
per 1000 children (and 95% CI)

Ratio,
2001/1995*

(723–883)
(1245–1468)
(795–908)
(556–632)
(683–748)

0.6
0.7
0.7
0.8
0.9

FY 1995
12
15
9
11
14

(7–16)
(13–17)
(7–10)
(9–12)
(13–16)

FY 2001
105
188
85
55
54

(96–114)
(169–206)
(77–93)
(50–61)
(50–59)

Ratio,
2001/1995*
8.8
12.5
9.4
5.0
3.9

*Linear contrast for rate difference, p < 0.001.

Table 3: Antibiotic prescriptions per 1000 children, by urban income-quintile neighbourhood
Year; no. of prescriptions for all antibiotics
per 1000 children (and 95% CI)
Income
quintile
1 (lowest)
2
3
4
5 (highest)

FY 1995
1327
1237
1162
1179
1157

(1228–1425)
(1184–1290)
(1092–1232)
(1089–1269)
(1075–1239)

FY 2001
1114
912
865
869
807

(991–1236)
(877–947)
(822–908)
(826–911)
(741–874)

Year; no. of prescriptions for BS macrolides
per 1000 children (and 95% CI)

Ratio,
2001/1995*
0.8
0.7
0.7
0.7
0.7

FY 1995
14
19
13
11
14

(12–15)
(17–21)
(11–15)
(10–13)
(13–15)

FY 2001
108
99
95
103
117

(95–120)
(91–108)
(89–102)
(97–110)
(100–135)

Ratio,
2001/1995*
7.7
5.2
7.3
9.4
8.4

*Linear contrast for rate difference, p < 0.001.
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proportion of physician visits that resulted in an antibiotic
prescription. The latter change was small for otitis media
and pharyngitis. Our findings indicate that during the late
1990s there were fewer physician visits for and diagnoses of
bronchitis and upper respiratory tract infections, and physicians were less likely to treat these conditions. This is a
good-news story because antibiotic treatment of bronchitis
and the common cold is not justified.21,22 However, as others
have reported,4,5 the observed reduction in population-based
rates of antibiotic use for otitis media was not primarily due
to a change in physician prescribing. Acute otitis media is
not treated with antibiotics in some countries, and systematic reviews have shown little benefit with antibiotic treatment.23 However, current opinion in North America is to
decrease the duration of antibiotic treatment, rather than
not prescribing an antibiotic at all.24,25
In contrast to the overall trend, dispensing rates for BS
macrolides increased for otitis media, pharyngitis or sinusitis, bronchitis or asthma, and upper respiratory tract infections. This trend is consistent with reported increases in use
of these antibiotics in the 1990s.6,8,10,26 In FY 2001, visitbased rates for BS macrolide prescriptions were highest
among children with lower respiratory tract infections, for
which there is evidence from randomized controlled trials of

clinical superiority of BS macrolides over other antibiotics.27
However, 6% to 8% of physician visits for otitis media,
pharyngitis or sinusitis, and bronchitis or asthma that year
resulted in a BS macrolide prescription. The association of
asthma exacerbations with Chlamydia pneumoniae infections
may warrant use of macrolides, but not BS macrolides.28
There is little justification to prescribe BS macrolides for
pharyngitis29 or to select BS macrolides over other antibiotics for the treatment of acute otitis media.30 Furthermore,
our findings show that BS macrolide use increased substantially among preschool children, the very population that
has experienced macrolide resistance in day-care centres.8
Children in low-income neighbourhoods had the highest rates of antibiotic use over the whole evaluation period
and were less likely to experience a decrease in use. Others
have also reported greater use of antibiotic prescriptions by
low-income children.13,31 Although respiratory tract infections are more prevalent among low-income children,
many of these are viral infections, for which antibiotics are
not recommended.22,32 BS macrolide rates were not higher
among low-income than among higher-income children,
possibly because of an inability to pay for prescriptions not
meeting the treatment guidelines of Manitoba’s drug insurance program.33 Some studies have reported that BS anti-

Table 4: Antibiotic prescriptions per 1000 children, by diagnosis
Year; no. of prescriptions for all antibiotics
per 1000 children (and 95% CI)
Physician diagnosis
Otitis media
Pharyngitis or sinusitis
Asthma or bronchitis
Upper RTI (i.e., cold)
Lower RTI (pneumonia)
Genitourinary infection
Skin infection

FY 1995

FY 2001

319 (250–388)
123 (109–136)
122 (106–138)
241 (216–267)
40 (34–46)
28 (24–33)
55 (48–61)

189 (149– 230)
86 (77–95)
74 (64–84)
171 (153–189)
32 (27–37)
27 (23–31)
58 (50–65)

Year; no. of prescriptions for BS macrolides
per 1000 children (and 95% CI)

Ratio,
2001/1995*

% of overall
decrease†

FY 1995

FY 2001

Ratio,
2001/1995*

0.6
0.7
0.6
0.7
0.8
1.0‡
1.1§

39
11
14
21
2
NA
NA

2.5 (1.9–3.2)
1.2 (1.0–1.5)
2.3 (2.0–2.6)
1.8 (1.5–2.0)
1.2 (1.0–1.3)
0.1 (0.04–0.2)
0.3 (0.2–0.3)

25.0 (19.0–31.0)
7.2 (6.4–8.0)
16.0 (14.0–18.0)
18.0 (15.0–20.0)
10.0 (8.0–12.0)
0.4 (0.3–0.6)
1.7 (1.3–2.0)

10.0
6.0
7.0
10.0
8.3
3.0
5.7

Note: RTI = respiratory tract infection, NS = not significant, NA = not applicable.
*Llinear contrast for rate difference, p < 0.001, except for genitourinary infection and skin infection.
†The absolute decrease in prescriptions for each diagnosis as a percentage of the absolute decrease in total antibiotic use for all diagnoses (i.e., 337 per thousand).
‡p = 0.8.
§p = 0.12.

Table 5: Physician visit rates and visit-based rates for antibiotic prescriptions for RTIs
Population-based visit rates

Diagnosis
Otitis media
Pharyngitis or sinusitis
Asthma or bronchitis
Upper RTI
Lower RTI

Rate per 1000
children, FY 2001
345
147
258
623
105

(272–418)
(133–161)
(227–289)
(534–711)
(83–127)

Ratio,
2001/1995*
0.6
0.7
0.7
0.8
0.9

Visit-based rates for all antibiotics
Rate per 1000
physician visits,
FY 2001
590
632
347
354
409

*Linear contrast for rate difference, p < 0.05.
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(576–605)
(612–652)
(327–366)
(331–378)
(389–429)

Ratio,
2001/1995*
0.9
1.0
0.8
0.9
0.9

Visit-based rates for BS macrolides
Rate per 1000
physician visits,
FY 2001
75
58
82
39
136

(70–80)
(54–62)
(76–88)
(36–42)
(125–147)

Ratio,
2001/1995*
10.7
8.3
8.2
9.8
7.2

Trends in antibiotic use

biotics are used less often in low-income children than in
higher-income children.34
The immediate hazards of antibiotic use are increased
side effects and costs of therapy.24,35 Recent antibiotic use
also increases the likelihood that resistant strains will develop,9,36–38 and antibiotic resistance has been reported in the
absence of previous antibiotic prescriptions, when community use of antibiotics is high.9,37 Resistance patterns have
mirrored temporal and regional patterns of BS antibiotic
use.39–41 So, although it is not certain whether high rates of
BS or any antibiotic use lead to antibiotic resistance, our
data suggest that preschool and low-income children may
be at greater risk for this outcome. There are also concerns
over the long-term risks of asthma, especially among infants for whom BS antibiotics are prescribed.42,43
Diagnosis information was obtained from the reimbursement claim for the preceding physician visit, which may be
more accurate than physician self-reporting,44 but reimbursement claims do not record secondary diagnoses. Diagnoses
of urinary tract infection have been validated,45,46 but the possibility remains that we did not correctly classify other infections. Furthermore, our analysis captured dispensed prescriptions but did not include antibiotics given as samples.
We have reported trends in dispensed antibiotic prescriptions for a complete population of Manitoba children.
Antibiotic use among children has declined and antibiotics
are being used less often for diagnoses for which they have
limited utility. However, BS antibiotics are being prescribed
more often. Low-income and preschool children remain at
higher risk of exposure to antibiotics. The similarity between our FY 2001 population-based rates and those reported for Canadian children14 provides some reassurance
regarding extrapolation of these findings to all Canadian
children. These patterns of use may be breeding a new crisis
in antibiotic resistance. Although society has responded to
efforts to reduce unnecessary antibiotic use, more study into
the determinants of inappropriate antibiotic prescribing is
required to achieve further improvements.
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CLINICAL PRACTICE GUIDELINES
FOR THE CARE AND TREATMENT OF

BREAST CANCER

Update

In February 1998 CMAJ and Health Canada published 10 clinical practice guidelines for the care and treatment
of breast cancer, along with a lay version designed to help patients understand more about this disease and the
recommended treatments. These guidelines are currently being revised and updated, and the series is being extended to cover new topics. The complete text of the new and updated guidelines is available at eCMAJ:
www.cmaj.ca/cgi/content/full/158/3/DC1
REVISED:
Guideline 3: Mastectomy or lumpectomy? The
choice of operation for clinical stages I and II
breast cancer [July 23, 2002]
Guideline 5: The management of ductal carcinoma
in situ [Oct. 2, 2001]
Guideline 6: Breast radiotherapy after breastconserving surgery [Feb. 18, 2003]
Guideline 7: Adjuvant systemic therapy for women
with node-negative breast cancer [Jan. 23, 2001]
Guideline 8: Adjuvant systemic therapy for women
with node-positive breast cancer [Mar. 6, 2001]
Guideline 10: The management of chronic pain in
patients with breast cancer [Oct. 30, 2001]
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NEW:
Guideline 11: Lymphedema [Jan. 23, 2001]
Guideline 12: Chemoprevention [June 12, 2001]
Guideline 13: Sentinel node biopsy [July 24, 2001]
Guideline 14: The role of hormone replacement
therapy in women with a previous diagnosis of
breast cancer [Apr. 16, 2002]
Guideline 15: Treatment for women with stage III
or locally advanced breast cancer [Mar. 16,
2004]
Guideline 16: Locoregional post-mastectomy radiotherapy [Apr. 13, 2004]

